Repetition priming is a basic form of learning defined behaviorally as facilitated or biased processing of previously encountered stimuli. One possible neuronal signature of this form of learning is "response suppression," a decrement in the neuronal response to repeated stimulation that has been shown in monkeys (Desimone 1996) . Measures of repetition priming in humans include pattern completion, object identification, or word-stem completion tasks (Schacter 1994) . When using such tasks in conjunction with neuroimaging methods, studies have consistently found decreased hemodynamic responses in posterior cortical regions when items are repeated (Squire et al. 1992; Buckner et al. 1998; Buckner et al. 2000; Badgaiyan 2000; van Turennout et al. 2000 successfully demonstrated a human analog to the decreased neural firing observed in monkey cortex, which is referred to as "repetition suppression." Using a word-stem completion task, we have previously shown that "repetition suppression" is modulated by GABAergic and cholinergic neurotransmitter systems (Thiel et al. 2001) . Both lorazepam and scopolamine decreased the size of repetition suppression effect in posterior and frontal cortical regions. Both drugs also impaired the behavioral index of repetition priming, suggesting that GABAergic and cholinergic systems modulate neuronal plasticity necessary for priming in this paradigm. The behavioral impairments with lorazepam were consistent with prior studies using picture-fragment completion, word-fragment completion, or wordstem completion tasks Vidailhet et al. 1994; Vidailhet et al. 1999; Danion et al. 1992; Brown et al. 1989) . Behavioral impairments of repetition priming with scopolamine, on the other hand, were not in line with the majority of prior studies (Knopman 1991; Danion et al. 1990; Schifano and Curran 1994) , and we suggested that these differences could be caused by a lower active dose used in these previous studies (see Thiel et al. 2001 for discussion).
Repetition priming is a basic form of learning defined behaviorally as facilitated or biased processing of previously encountered stimuli. One possible neuronal signature of this form of learning is "response suppression," a decrement in the neuronal response to repeated stimulation that has been shown in monkeys (Desimone 1996) . Measures of repetition priming in humans include pattern completion, object identification, or word-stem completion tasks (Schacter 1994) . When using such tasks in conjunction with neuroimaging methods, studies have consistently found decreased hemodynamic responses in posterior cortical regions when items are repeated (Squire et al. 1992; Buckner et al. 1998; Buckner et al. 2000; Badgaiyan 2000; van Turennout et al. 2000) . Thus, neuroimaging methods have successfully demonstrated a human analog to the decreased neural firing observed in monkey cortex, which is referred to as "repetition suppression."
Using a word-stem completion task, we have previously shown that "repetition suppression" is modulated by GABAergic and cholinergic neurotransmitter systems (Thiel et al. 2001) . Both lorazepam and scopolamine decreased the size of repetition suppression effect in posterior and frontal cortical regions. Both drugs also impaired the behavioral index of repetition priming, suggesting that GABAergic and cholinergic systems modulate neuronal plasticity necessary for priming in this paradigm. The behavioral impairments with lorazepam were consistent with prior studies using picture-fragment completion, word-fragment completion, or wordstem completion tasks Vidailhet et al. 1994; Vidailhet et al. 1999; Danion et al. 1992; Brown et al. 1989) . Behavioral impairments of repetition priming with scopolamine, on the other hand, were not in line with the majority of prior studies (Knopman 1991; Danion et al. 1990; Schifano and Curran 1994) , and we suggested that these differences could be caused by a lower active dose used in these previous studies (see Thiel et al. 2001 for discussion).
The rationale for the present study was to further investigate GABAergic and cholinergic modulation of repetition priming, using a paradigm involving face recognition (Ellis et al. 1990 ). This paradigm investigates priming of faces and its modulation by familiarity (i.e., famous vs. unfamous faces). Whereas the paradigm has been used in several psychological and neuroimaging studies (Ellis et al. 1990; Brunas-Wagstaff et al. 1992; Henson et al. 2000; Henson et al. 2002) , its pharmacological modulation has not previously been investigated. Functional magnetic resonance imaging (fMRI) studies using repeated, intermixed presentations of famous and unfamous faces in implicit face priming paradigms have shown greater responses to famous than unfamous faces in bilateral fusiform cortex and repetition-related responses to faces in a right fusiform region that were sensitive to stimulus familiarity (Henson et al. 2000; Henson et al. in press ). This modulation by stimulus familiarity was seen in an attenuation of responses to repetition of famous faces and, depending on whether a direct or indirect monitoring task was used, an enhanced (Henson et al. 2000) or unchanged (Henson et al. 2002) response to repetition of unfamous faces.
Because prior studies presented faces repeatedly in an intermixed manner, they confounded repetition effects with time effects (i.e., first presentation occurs always before second presentation). Therefore, the first aim of the present experiment was to replicate the fame and fame by repetition-dependent fusiform responses with a face priming paradigm that avoided potential confounds. Following the study by Henson et al. (in press ), two planned comparisons were performed identifying (1) fusiform regions with greater responses to famous than unfamous faces, and (2) fusiform regions showing an interaction between fame and repetition. A second aim was then to examine whether lorazepam and/or scopolamine would modulate the behavioral measure of priming and associated responses in these identified fusiform regions. A third aim was to identify whether drug-induced impairments are caused by the drugs' actions during study or test phase.
METHODS
We performed a psychopharmacolgocial fMRI study (experiment 1), followed by a further psychopharmacological experiment (experiment 2).
Experiment 1
Subjects. Forty-seven right-handed native Englishspeaking participants (29 male, 18 female; age range: 18-37 years), with no history of medical or psychiatric disease, gave informed consent to participate in the study. The same subjects were also tested on a wordstem completion paradigm (Thiel et al. 2001) . Thirteen participants were excluded from analysis. Exclusion criteria were technical failure (n ϭ 5), excessive head movement (n ϭ 1), or less than 50% correct responses to either famous or unfamous faces (n ϭ 7). Failure to correctly identify the faces occurred in all groups (placebo n ϭ 1, lorazepam n ϭ 3, scopolamine n ϭ 3). Those volunteers did not differ demographically from the other volunteers.
Drugs.
A double-blind, double-dummy, time-elapsed drug administration technique was used so that each subject received a tablet orally and an injection IV, 120 min and 80 min respectively, before the start of the study phase, i.e.: (1) placebo orally ϩ saline IV (n ϭ 12), (2) 2 mg lorazepam orally ϩ saline iv (n ϭ 11); and (3) placebo orally ϩ 0.4 mg scopolamine IV (n ϭ 11). Drug doses and administration schedules were chosen according to the literature in a manner designed to optimize behavioral impairments. Thus, doses between 2 and 3 mg oral lorazepam have been shown to reliably impair repetition priming, whereas lower doses are less effective (Buffett-Jerrott et al. 1998; Legrand et al. 1995; Knopman 1991) , with maximal effects occurring at 2 h after ingestion which also corresponds to peak plasma levels . Scopolamine was administered IV because oral scopolamine has variable absorption, poor bioavailability, and is behaviorally less effective (Putcha et al. 1989; Nuotto 1983) . The dose of scopolamine was chosen because IV injections in this dose range have been reported to affect a variety of cog-nitive functions (Sunderland et al. 1987; Martinez et al. 1997; Vitiello et al. 1997) . Scopolamine was administered 80 min before scanning, as prior studies have shown that cognitive effects of parenteral scopolamine peaks from 90 to 150 min after administration (Safer and Allen 1971; Sannita et al. 1987; Ebert et al. 1998 ).
Experimental Design. The experiment employed a two-by-two factorial design in which the events of interest were first or second presentation of famous (F1 and F2) and unfamous (U1 and U2) faces. Stimuli were 100 gray-scale photographs, consisting of 50 famous and 50 unfamous faces. They were randomly divided into two sets of 50 faces, containing equal numbers of famous and unfamous faces. The famous faces correspond to those used by Gorno-Tempini et al. (1998) . She presented 200 black-and-white photographs to a group of young (age 18-33) subjects and selected the 56 faces that 95% of the subjects could name. The unfamiliar faces were matched for sex and age. The expression of both types of faces was generally neutral or smiling. The resulting images were cropped by an oval, and approximately matched for size and illumination. In a study phase, conducted outside the scanner, and following drug or placebo administration, subjects were presented visually with one or other set of 50 faces. Faces were displayed for 1 s against a baseline checkerboard every 4 s on a Macintosh computer, and participants were asked to make a fame judgment as quickly and accurately as possible by pressing one of two response keys. Scanning took place during a subsequent test phase in which subjects were presented with the whole set of 100 faces, containing randomly intermixed famous and unfamous faces that were either presented in the study phase (F2 and U2) or were not (F1 and U1). Stimuli, including 50 "nullevents" (Josephs and Henson 1999) , were again displayed for 1 s every 4 s on a Macintosh computer, projected onto a screen approximately 300 mm above the participant in the MRI scanner (see Figure 1 ). Participants were asked to make a fame judgment by pressing one of two response keys (e.g., Ellis et al. 1990 ). The mean correct reaction times for first versus second presentation of famous and unfamous faces provided a behavioral index of repetition priming. Finally, prior to behavioral testing, subjective sedation was assessed with visual analog scales (Bond and Lader 1974) .
Data Acquisition. A VISION MRI system (Siemens, Erlangen, Germany) operating at 2T was used to obtain T2*-weighted echoplanar (EPI) images (64 ϫ 64, 3 ϫ 3 mm 2 pixels) with blood oxygenation level-dependent (BOLD) contrast. 250 volumes of 30 2 mm-thick axial slices were acquired sequentially every 3.5 mm (repetition time ϭ 2.5 s, echo time ϭ 40 ms). The first 5 volumes were discarded to allow for T1 equilibration effects. Images were realigned to correct for interscan movement, synchronized to the middle slice to correct for differences in slice acquisition time, and normalized to a standard EPI template volume. The data were then smoothed with a Gaussian kernel of 8 mm full-widthhalf-maximum to accommodate intersubject anatomical variability.
Data Analysis. Data were analyzed with Statistical Parametric Mapping software (SPM99, Wellcome Department of Cognitive Neurology, London; Friston et al. 1995) , employing a random effects analysis. Data were globally scaled to 100 across scans and highpassfiltered at 1/60 Hz. The hemodynamic response to stimulus onset for each event type was modeled by a canonical synthetic hemodynamic response function (HRF) and its first-order temporal derivative. Seven event types were modeled: Four effects of interest for first and second presentation of famous (F1, F2) and unfamous (U1, U2) faces that were correctly identified and three effects of no interest (two for incorrect responses to famous and unfamous faces and one for missed responses). The six head movement parameters were included as confounds. At the first level, linear contrasts of parameter estimates for each subject were taken to a second-level analysis to generate statistical parametric maps of the t-statistic. A statistical parametric map (thresholded at p Ͻ .001) of voxels showing significant responses to stimulus presentation versus baseline was created. This mask was then used to identify through two planned comparisons in each group (1) brain regions showing greater responses to famous than unfamous faces, and (2) brain regions showing an interaction between fame and repetition (see Henson et al. in press ). For predicted effects in fusiform gyrus, the Figure 1 . Experimental paradigm. Illustration of stimuli presented during study and test phases. Test stimuli were either famous or unfamous faces that were either presented in the study phase or were not. Stimuli were randomly displayed every 4 s for 1 s against a baseline of checkerboards.
threshold of significance was set at p Ͻ .001, uncorrected. Additionally, peak signal change for the effect maxima in the placebo group was plotted for each drug condition and analyzed with analyses of variance (ANOVAs) for repeated measures followed post hoc by two-tailed ttests (threshold of significance was set at p Ͻ .05). Group differences between placebo and each drug condition were investigated with 2 ϫ 2 (group by fame) or 2 ϫ 2 ϫ 2 (group by fame by repetition) way ANOVAs for repeated measures for voxels showing fame and fame by repetition interactions, respectively. Behavioral data were analyzed with ANOVAs for repeated measures followed post hoc by two-tailed t -tests (threshold of significance was set at p Ͻ .05).
Experiment 2
Subjects. Twenty-six right-handed subjects (13 male, 13 female; age range: 18-36 years) participated in this psychopharmacological study.
Experimental Design and Drugs. The aim of this further experiment was to determine behaviorally whether scopolamine's impairment of famous face priming was caused by the drug's effects during study or test phase. The paradigm was the same as in experiment 1 but performed outside the scanner. Volunteers received either 0.4 mg IV scopolamine (n ϭ 11) or placebo (n ϭ 15) after completion of the study phase, i.e., after information acquisition. Testing was performed 80 min after drug injection.
Data Analysis. Behavioral data were analyzed with ANOVAs for repeated measures, followed post hoc by two-tailed t -tests (threshold of significance was set at p Ͻ .05). In other words, the priming of famous faces that was observed in the placebo and lorazepam groups was not present after an anticholinergic drug challenge. When comparing priming for famous faces between scopolamine and placebo, a significant group by repetition interaction was found reflecting the absence of famous face priming under scopolamine compared with placebo [2 ϫ 2 way ANOVA, F(1,21) ϭ 4.689, p ϭ .042].
RESULTS

Behavior: Experiment 1
Behavior: Experiment 2
The data in the placebo group replicated our prior behavioral results by showing a fame by repetition interaction [F(1,10) ϭ 5.833, p ϭ .036, Figure 3 ]. Again, priming was observed for famous [t(10) ϭϪ 4.017, p ϭ .002] but not for unfamous faces [t(10)ϭϪ1.497, p ϭ .165]. In contrast with the first study, however, priming was intact when scopolamine was given after the study phase [main effect of repetition: F(1,14)ϭ9.854, p ϭ .007], though it did not differ significantly for famous and unfamous faces [fame by repetition interaction, F(1,14)ϭ2.302, p ϭ .151]. When comparing priming for famous faces in placebo and scopolamine groups, no significant differences were found in this experiment (2 ϫ 2 way ANOVA; group by repetition interaction [F(1,24) Ͻ.001., p ϭ .993].
Imaging
Placebo. FAME. Greater responses to famous than unfamous faces were seen in left (Ϫ51,Ϫ54,Ϫ24 Zϭ3.22) and right fusiform cortex (42, Ϫ60, Ϫ15 Zϭ3.19, Figure  4) . The right panel of Figure 4 shows percent signal change for famous and unfamous faces (irrespective of 1st or 2nd presentation) derived from the maximum voxel in the left fusiform region. FAME BY REPETITION. A significant fame by repetition interaction was found in a region of right fusiform cortex (30, Ϫ45, Ϫ30; Zϭ3.20, Figure 2 , middle panels), close to the regions previously identified by Henson et al. (2000 Henson et al. ( , 2002 . The plotted percent signal change de- Lorazepam. FAME. The only fusiform region showing greater responses to famous than unfamous faces was on the right (42,Ϫ39,Ϫ27 Zϭ3.77; Figure 4 ), anterior and ventral to the right fusiform activation seen in the placebo group. To determine whether fame effects under lorazepam were seen in the region that showed fame effects in the placebo group, percent signal change Figure 2 . Left panel. Behavioral data experiment 1. Mean reaction times and standard errors for new famous (F1), old famous (F2), new unfamous (U1) and old unfamous (U2) faces for placebo (top row), lorazepam (middle row), and scopolamine group (bottom row). Data were analyzed with analyses of variance (ANOVAs) for repeated measures, with fame (famous vs. unfamous) and repetition (new vs. old) as a within-subject factor. Significant effects were followed post hoc by paired t-tests (*** p Ͻ .001, ** p Ͻ .01). Middle panels. Regions in fusiform cortex showing a fame by repetition interaction in the placebo (top row), lorazepam (middle row), and scopolamine group (bottom row). Activations are rendered on transverse mean normalized EPI images (EPI images averaged over several volunteers, activations thresholded at p Ͻ .01 for purposes of illustration). Right panel. Plots of percent signal change. Mean and SEM (standard error of mean) for new famous (F1), old famous (F2), new unfamous (U1), and old unfamous (U2) faces in the placebo, lorazepam, and scopolamine groups. The plots in all groups derive from the maximum voxel in the placebo group (30,Ϫ45,Ϫ30) identified by random effects analysis. Data were analyzed with ANOVAs for repeated measures, with fame (famous vs. unfamous) and repetition (new vs. old) as a within-subject factor. Significant effects were followed post hoc by paired t-tests (*** p Ͻ .001, * p Ͻ .05).
derived from the left fusiform voxel that showed the strongest fame effect in the placebo group was plotted (Figure 4 , right panel). Even though overall signal changes were low, this region still showed a significant fame effect after lorazepam [F(1,10)ϭ6.061, p ϭ .034].
To determine whether there were significant group differences for activations in the left fusiform voxel (Ϫ51,Ϫ54,Ϫ24) between placebo and lorazepam, a 2 ϫ 2 way ANOVA testing for drug and fame effects was performed. Analysis of percent signal change showed a significant difference between placebo and lorazepam [main effect drug F(1,21)ϭ9.062, p ϭ .007], with smaller activations to both famous and unfamous faces under lorazepam. The same pattern was found for the maximum voxel previously identified by Henson et al. (2002) 
FAME BY REPETITION. No region of fusiform cortex showed a significant fame by repetition interaction under lorazepam (Figure 2 , middle panels). When we analyzed data derived from the voxel showing a fame by repetition interaction in the placebo group, however, a repetition effect, mainly driven by repetition suppression for famous faces, was observed F(1,10)ϭ5.22, p ϭ .045; Figure 2, Scopolamine. FAME. Greater responses to familiar than unfamiliar faces were seen in left fusiform cortex (Ϫ45,Ϫ60,Ϫ24 Zϭ3.33; Figure 4 ) close to the region showing a fame effect in the placebo group. An analysis of the voxel showing a maximum effect in the placebo group revealed numerical but not statistically significant evidence for enhanced responses to famous compared with unfamous faces under scopolamine [F(1, 10)ϭ4.320, p ϭ .064; Figure 4 , right panel]. As in the lorazepam group, overall signal changes were low.
To determine whether the left fusiform signal changes were significantly different under scopolamine, a 2 ϫ 2 way ANOVA testing for drug and fame effects was performed. Analysis of percent signal change showed smaller activations to both famous and unfamous faces under scopolamine [F(1,21)ϭ7.398, p ϭ .013]. The same pattern was found for the maximum voxel previously identified by Henson et al. (2002) [F(1,21)ϭ9.577, p ϭ .005]. FAME BY REPETITION. Under scopolamine, there was no region with a significant fame by repetition interaction (Figure 2 , middle panels). There were also no significant fame by repetition or repetition effects [F(1,10) To determine whether the lack of repetition effects was significantly different from placebo a 2 ϫ 2 ϫ 2 way ANOVA was performed. The results of this analysis did not, however, yield a significant group by fame by repetition interaction [F(1,21)ϭ1.516, p ϭ .232].
DISCUSSION
The main finding of this study is that scopolamine, but not lorazepam, modulates the behavioral index of repetition priming within a face-priming paradigm. Furthermore, we suggest that the cholinergic modulation of repetition priming takes place during information acquisition. The imaging data of the study replicates the fame and fame by repetition interactions found previously in fusiform regions (Henson et al. 2002) and indicates a drug modulation of these fusiform responses.
Possible Confounds
One important consideration is the possibility that drugs, such as scopolamine, might affect global and/or regional cerebral blood flow (gCBF/rCBF). Tsukada et al. have shown in monkeys that rCBF to somatosensory stimulation is abolished by scopolamine (Tsukada et al. 1997) . The doses shown to yield this effect were, however, 10 times higher than the dose used here, and of critical relevance is the fact that no effects on rCBF were Figure 3 . Behavioral data experiment 2. Mean reaction times and SEM in placebo and scopolamine groups when drug challenge was given after study phase (see Figure 2 for more details). Data were analyzed with ANOVAs for repeated measures, with fame (famous vs. unfamous) and repetition (new vs. old) as within-subject factors. Significant effects were followed post hoc by paired t-tests (** p Ͻ .01).
found at a lower dose. To account for possible differences in gCBF between the groups in our data, global scaling was used in the data analysis. Furthermore, we found no evidence for a difference when we compared the estimated global BOLD signal between the drug groups, which makes significant changes in gCBF unlikely.
The decreased reaction times associated with priming might be considered a confound in that decreased reaction times may be the cause rather than the effect of neural changes. The finding, however, that reaction times to unfamous faces were slower than to famous faces and yet were associated with lower fusiform responses (which was especially evident in the lorazepam group) is not consistent with this explanation (for discussion of this confound see also Henson et al. in press) .
Another behavioral confound common to drug studies is sedation. Drugs that impair memory often also induce sedation. Several psychopharmacological studies have tried to deal with sedation in different ways (e.g., Green et al. 1996; Martinez et al. 1997; . investigated amnesic effects of scopolamine and lorazepam and included a control group that received an antihistamine with sedative but no memory impairing effects. As sedation was present with all three drugs but memory impairments only with scopolamine and lorazepam, they were able to conclude that the amnesic effects of those two drugs were not dependent on sedation. As a dissociation between scopolamine-induced amnesia and sedation was shown in previous studies , we controlled only for sedation by assessing subjective measures of sedation (Bond and Lader 1974) and investigating a potential correlation with measures of priming. We correlated measures of sedation across all 34 subjects with the behavioral index of priming. There was no correlation between measures of sedation and reaction time differences for famous (rϭ-.267, p ϭ .115) or unfamous faces (rϭ-.080, p ϭ .653). Plots of percent signal change. Mean and SEM for famous (F) and unfamous (U) faces in the placebo, lorazepam, and scopolamine groups irrespective of 1st or 2nd presentation (top, middle, bottom rows, respectively). The plots in all groups derive from the maximum voxel in the placebo group (Ϫ51,Ϫ54,Ϫ24) identified by random effects analysis.
Behavior
Placebo. Behavioral results in the placebo group replicate findings of prior priming studies by showing a fame by repetition interaction. A decrease in reaction times to repeated presentation of famous faces is a consistent finding, whereas effects of repetition to unfamous faces are typically not as large and are more variable (Ellis et al. 1990; Henson et al. 2002; GoshenGottstein and Ganel, 2000; Schweinberger et al. 1995) . One explanation for these variable effects to unfamous faces is lag, ie., the time between the first and second presentation of a stimulus. It has been shown that priming of unfamiliar faces is sensitive to lag (Bentin and Moscovitch, 1988) and relatively long lag (approx. 40 min) between first and second presentation of faces in our study might account for a lack of priming to unfamous faces observed here.
Lorazepam. Our finding that lorazepam did not impair priming in a face recognition paradigm seems in contrast with most previous studies investigating the pharmacological modulation of repetition priming. Thus, lorazepam has been consistently shown to reduce behavioral indices of priming in several paradigms, including picture-fragment completion, word-fragment completion, and word-stem completion tasks Vidailhet et al. 1994; Vidailhet et al. 1999; Danion et al. 1992; Brown et al. 1989) . We were able to replicate lorazepam's impairments on word-stem completion priming (Thiel et al. 2001 ) but were not able to find attenuated priming when using a face priming paradigm in the same volunteers. Intact priming in a face repetition paradigm would furthermore argue that effects of lorazepam in repetition priming paradigms are not due from interference with perceptual integration as previously suggested (e.g., Giersch et al. 1995) .
Our data thus suggest that lorazepam's impairment of repetition priming depends on the priming task used and that different priming tasks can be dissociated pharmacologically. Dissociations between word-stem completion tasks and word-fragment or picture-naming tasks were previously found by manipulating attentional load during a study phase. Increased attentional load reduced repetition priming in word-stem completion but not in word-fragment or picture-naming tasks (Clarys et al. 2000; Gabrieli et al. 1999) . A similar dissociation was found when testing Alzheimer patients, who were impaired on word-stem completion but not picture-naming or category exemplar identification (Gabrieli et al. 1999) . The authors suggest that these effects can be explained by an identification-production distinction within these paradigms that might differ in their neural bases. In this respect, it is interesting that we found a dissociation between a production form of priming (word-stem completion) and an identification form of priming (face identification) after a GABAergic challenge. Further experiments are needed to address the precise mechanisms of our dissociation and how it compares with these previous, attention-dependent dissociations. Future experiments could also investigate whether priming paradigms using face stimuli, which bear social relevance, are less sensitive to GABAergic manipulations. Nonetheless, together with our previous study (Thiel et al. 2001) , the present results are the first to show that priming can be dissociated pharmacologically, which underlines the idea that different priming tasks may rely on different neuronal or neurochemical systems.
Scopolamine. Our results showed impairments in a face-priming paradigm when scopolamine was given before study phase. Note that scopolamine did not affect task accuracy per se, as the number of correctly identified faces in this group did not differ from placebo or lorazepam. This argues against the idea that a perceptual mechanism underlies priming impairments after scopolamine and is consistent with a prior study showing that scopolamine does not affect face recognition (Rammsayer et al. 2000) .
Prior psychopharmacological studies were not able to induce impairments in priming paradigms when giving scopolamine before study phase (Knopman 1991; Danion et al. 1990; Schifano and Curran, 1994 ) (see Thiel et al. 2001) for discussion). Because we have previously found that scopolamine attenuates priming in a word-stem completion paradigm (Thiel et al. 2001 ), the present finding, that scopolamine also impairs priming in a face recognition paradigm, confirms again that cholinergic systems are important for the behavioral expression of repetition priming.
Even if we cannot present a conclusive account why scopolamine but not lorazepam impaired repetition priming in this paradigm, our second experiment at least suggests that scopolamine's impairments of repetition priming are caused by interference with the acquisition processes as the drug impaired priming performance when it was given before but not after the study phase. Such effects on acquisition processes are in line with previous psychopharmacological studies using explicit learning paradigms where impairments of acquisition rather than retrieval of information with scopolamine have been shown (Rosier et al. 1998; Petersen 1977; Ghoneim and Mewaldt 1977) .
Imaging
Fusiform Fame Responses. Our results in the placebo group replicate previous findings that showed greater responses to famous than to unfamous faces in bilateral fusiform cortex (Henson et al. 2000) . A group comparison revealed weaker responses in the left fusiform region after scopolamine and lorazepam. This drug-induced fusiform modulation is in line with a previous PET study showing a GABAergic and cholinergic modulation of fusiform responses. Thus, a long-term reduction of fusiform activity during shape recognition was found when either scopolamine or the GABAergic agonist diazepam were given at a three day preceding encoding phase (Rosier et al. 1999; Rosier et al. 1997) .
The left fusiform cortex has been shown to be involved in picture and object naming tasks (Moore and Price 1999; Murtha et al. 1999) . Less activity in this region during drug challenge in our face recognition paradigm might suggest deficits in face naming. As volunteers were only required to indicate whether the face was famous or not, without concurrent naming, we cannot present behavioral data that address this issue. A prior study does suggest, however, that scopolamine can induce deficits in object naming (Aarsland et al. 1994 ).
An alternative explanation for reduced fusiform activity is a possible drug-induced modulation of attention. Covert visual attention can increase responses to faces in bilateral fusiform regions (Wojciulik et al. 1998; Vuilleumier et al. 2001) . As both drugs increased subjective ratings of sedation, it might be argued that the lower signal changes in the left fusiform cortex are caused by reduced attention in scopolamine-and lorazepam-treated subjects. If this were the case, however, then reduced attention should have decreased fusiform responses bilaterally. The right fusiform cortex responses did not differ, however, between placebo and drug groups that would argue against an attentional account.
Fusiform Fame by Repetition Interaction. Findings in the placebo group replicate previous interactions between fame and repetition in right fusiform cortex. The voxels showing this fame by repetition interaction were close to (but did not overlap with) the region(s) previously identified by Henson et al. (2000 Henson et al. ( , 2002 . Nevertheless fusiform cortex repetition suppression was again found for famous faces. The reduced response to repetition of famous faces is consistent with "abstractionist" theories of repetition priming, which predict priming only for stimuli with preexisting representations (Tenpenny 1995; Bowers 2000) .
Repetition suppression in right fusiform cortex was also observed in subjects treated with lorazepam, which showed intact repetition priming of famous faces. On the other hand, no significant repetition suppression (though a numerical reduction in activations to the second presentation of a famous face) was observed under scopolamine, which impaired priming of famous faces. Right fusiform repetition suppression thus seems to mirror the concurrent behavioral measure of priming in this face recognition paradigm, as only placebo and lorazepam groups, which showed behavioral priming of famous faces, showed significant repetition suppression in this brain area. Further studies are needed, however, to investigate in more detail the cholinergic modulation of repetition suppression in right fusiform cortex in this paradigm.
CONCLUSIONS
The main finding of this study is that scopolamine but not lorazepam modulates the behavioral index of repetition priming when using a face-priming paradigm. These cholinergic impairments of repetition priming are probably caused by interference with acquisition processes. The imaging results suggest that impairments of famous face priming co-occur with reduced repetition suppression in right fusiform cortex. Furthermore, the lack of priming impairments with lorazepam in the present paradigm indicates that different priming tasks may rely on different neuronal or neurochemical systems.
